The performance or efficiency of every production unit is of paramount importance to management of the units. In management Science, there are two main methods used to measure performance. These are Parametric and non-parametric methods. Data Envelopment Analysis (DEA) is a non-parametric method used in evaluating the relative performance of productions units that use the similar input factors to produce similar outputs. This paper seeks to use DEA to evaluate the relative performance of Ghanaian general insurance companies from the year 2002 to 2007. The study uses Debt capital, Equity capital and Management expenses as inputs that are used by insurers to produce premium, claims and investment income. It was observed that Ghanaian general insurers operated at an average overall efficiency of 68%, technical efficiency of 87% and scale efficiency of 78%. The study also tests hypotheses relating to the roles played by dimension and market share in the efficiency of the Ghanaian general insurance companies. It was observed that Ghanaian general insurers with higher dimension and market shares tend to have higher efficiencies; implying that general insurers could increase their efficiencies by trying to increase among other things thier dimension and market shares.
INTRODUCTION
There are two main methods employed in evaluating the efficiency of production units. These methods are the parametric and non-parametric methods. Both the parametric and nonparametric approaches have their advantages and disadvantages. The econometric approach specifies production, cost, revenue or profit functional form on the frontier and makes assumptions about the distribution of inefficiencies and random error. A major drawback of the econometric approach is the imposition of the functional form which might be invalid. For instance, one might impose a translog functional form on a frontier that does not assume this functional form. This will lead to incorrect results and consequently wrong deductions. In contrast to the econometric approach the mathematical programming approach has the advantage of not imposing any strong functional form on the frontier. The mathematical programming approach has a major drawback of not making any assumption about inefficiencies and random error. The mathematical programming approach therefore considers all deviations from the frontier as inefficiencies [5] . Neither of the two approaches has been established to be superior [8] . The methodology one employs in efficiency analysis therefore depends on the available data. For instance, it will be inappropriate to conduct frontier efficiency analysis involving "noisy" data using the mathematical programming approach.
Frontier efficiency analysis has, in recent years, been applied in several sectors of several economies. One such sectors of great application is the financial sector, with the insurance industry gaining increasing attention in recent years. In 2000 Cummins and Weiss conducted a survey of frontier efficiency analysis in the insurance industry, finding 21 studies and in less than a decade Michael Luhnen [13] found 82 and Luhnen et al. [11] found 87 studies applying frontier efficiency analysis in the insurance industry alone.
Following the implementation of a single European insurance license in 1994, inter-country efficiency studies has started to gain grounds [10] . Diacon et al [9] in their paper `Size and Efficiency in European Long-Term Insurance Companies' sampled 450 insurance companies from 15 EU countries for the period 1996-1999 and found that insurers in the UK, Spain, Sweden and Denmark had higher technical efficiencies than their counterparts in other parts of Europe and that UK insurers seem to have low levels of allocative and scale efficiencies.
It was observed that almost all the the efficiency studies in the insurance industry have been conducted in the developed nations. Further, only two papers [3, 2] considered the Nigerian insurance market. It appears no earlier studies were conducted in the Ghanaian insurance industry. It is apparent that this research is probably the first to be conducted on the Ghanaian insurance industry.
The efficiency of insurance companies is of interest in contemporary economics, considering the increasing risks related to environmental and globalization issues in the world today. Efficiency has been the focus of most research in insurance in the recent past [3] . Moreover, the increased market competition at the national level has equally placed insurance companies in a competitive environment. As a result, Ghanaian insurance companies would want to upgrade their efficiency relative to their competitors.
In this paper, we analyze the technical efficiency of a representative sample of Ghanaian general insurance companies with the aid of a recently developed data envelopment analysis(DEA) model by [15] . Previous research on insurance efficiency has been conducted by several authors using DEA, such as [2, 3, 7, 6] among others. However, we observed that most of the research on efficiencies of insurance industries and/or companies we done in the developed part of the world. We did not find any such research being done in Ghana. Hence, to the best of our knowledge, this paper is the first to employ DEA to analyze the efficiency of the Ghanaian general insurance industry. This paper expands upon previous research into insurance company efficiency by analyzing the efficiency of Ghanaian general insurance companies . The Data Envelopment Analysis (DEA) model is used to calculate both technical and scale efficiency. The Mann-Whitney U-test is also used to test some hypotheses concerning the contribution to efficiency of insurers by some insurer inputs and/or outputs. From an academic perspective, this paper particularly contributes to knowledge in the sense that it employs a DEA model that penalizes an insurer for producing undesirable outputs whilst rewarding an insurer for producing desirable outputs, whereas previously published papers have not done so.
Choice of input and output variables
The appropriate choice of inputs and outputs play a major role in the study of efficiency using DEA. The choice of inputs and outputs used in this research is discussed below.
There are basically three types of inputs in the insurance industry. These are Labor, Business services and Material, and Capital.
Labor is divided into Home-office labor and Agent labor. This input is subdivided because most insurers employ the services of agencies in their marketing and sale of policies. For example most of the insurance companies in Ghana have agencies at most of the regional capitals and some district capitals.
Business services and Materials usually involves such items as traveling expenses, fuel expenses and telecommunication expenses.
Capital is subdivided into Physical Capital, Debt capital and equity capital. Physical capital is usually in the form of physical assets such as working premises and computers. Capital is used as an input because insurers must keep equity capital to prove their promise to pay claims even if more-thanexpected losses are incurred.
Due to the problem of unavailability of data (As most of these inputs are not explicitly included in the annual reports of the insurance companies), it was found necessary to simplify the scheme of input choice by combining labor, and Business services and materials in the form of management expenses (plus commissions). This simplification is done in most efficiency studies of the insurance industry such as in [9] and [13] . Furthermore, Ennsfellner et al. [12] argue that the operating expenses should be treated as a single input in order to reduce the number of parameters that will need to be estimated.
As for capital, we use debt and equity capital. Debt capital is proxied by total liabilities whilst equity capital is proxied by capital and surplus (Represented as shareholders' funds on the annual reports).
Thus, the input variables in the study are three(3); Operating/Management expenses, Debt Capital, and Equity Capital.
As for output measures, there are basically three approaches in choosing them in the insurance industry-Intermediation approach, User-cost approach and the Value-added approach. The intermediation approach considers insurers as financial intermediaries that collect funds from policy holders, invest them and pay claims, taxes and costs. The user-cost approach determines outputs by considering their net contribution to revenue. The value-added approach selects outputs by considering their contribution to value; Those that contribute significantly to value based on cost allocations are considered as outputs [4] .
Luhnen et al [11] found that out of the 87 studies reviewed 74 used the value-added approach to choose their outputs but stating that there is a controversy among researchers as to whether claims or premiums are the most appropriate for valueadded. They also found that 40 of the studies reviewed used claims as output whilst 31 use premiums as output. They found that two studies used both claims and premiums and one used neither. They concluded that there is no recognizable trend as to which proxies are most appropriate.
This study uses both premiums and claims as output measures. Further, investment income is used as an output measure. Investment income is included as an output variable because insurance companies can be considered as financial institutions seeking to maximize income from investments. Thus, the study uses three output variables; Net premiums earned, Net Incurred Claims and Investment Income.
Panel data of ten(10) insurance companies for the period 2002-2007 is considered. Thus, a total of sixty(60) observations is obtained. Therefore, the choice of input and output variables ensures conformity to the DEA convention that the total number of Decision Making Units (DMUs) be more than three times the number of inputs and outputs.
Sampling units and Sample size:
The study considered insurance companies that dominated the market by their contribution to gross premium, during the period of study (2002) (2003) (2004) (2005) (2006) (2007) . These insurance companies were selected as they collectively contributed to over 90% of the market share by gross premiums for the period of study and therefore can be considered a very good representation of the insurance industry.
In all, ten (10) insurance companies whose data were readily available were considered in the six year period 2002-2007. Thus providing sixty (60) observations (10 companies in 6 years). This conforms to the DEA requirement that, the total number of observations be more than three times the sum of the number of inputs and outputs [2] .
METHODOLOGY:
The objective is to study the relative efficiencies of the Ghanaian general insurers and to find out how some variables that are commonly used in the insurance industry contribute to efficiency.
To evaluate the relative efficiencies, the DEA model of [15] is used and in order to find out how some insurer variables contribute to efficiency, the MannWhitney U-test is used to carry out the hypothesis.
DEA Model Used: The Model of Hongliang and Michael:
In this brief, the DEA model used in this study is described. The choice of DEA models used in efficiency analysis usually depends on the kind of data under consideration. Analysts usually will have to ensure that the DEA model they use in their analysis is units invariant if the variables are of different dimensions. They will also have to ensure that their models are translation invariant if the data involves negative and/or zero values.
It is worth noting, here, that most of the studies involving efficiency of insurance industries employing claims as output treat it as though claims are desirable to insurers, even though insurers would like that they incur less claims. In this study, claims is treated as an undesirable output by employing the model of Hongliang and Michael [15] . Hongliang and Michael [15] suggested that when undesirable outputs are jointly produced with desirable outputs, it makes sense to credit a DMU for producing desirable outputs and to penalize it for producing undesirable output in calculating the efficiency of the DMU. Hence, we employ their model due to the fact that claims incurred is an undesirable output of insurers.
The model proposed by [15] is stated as follows: For a set of N DMUs using m inputs to produce r outputs among which we have d desirable outputs and u undesirable outputs, the input-oriented DEA model used to evaluate the efficiency of is given as follow: (1) where is a d-by-N matrix of desirable outputs, is a vector of desirable outputs of , is a u-by-N matrix of undesirable outputs, is a vector of undesirable outputs of , X is an mby-N matrix of inputs and is an N-by-1 vector of coefficients which represents the intensity levels for DMUs in the construction of the reference efficiency frontier.
In order to calculate technical efficiencies of the insurance companies during the period of study model (1) above under variable-returns-toscale(VRS), which disentangles technical efficiency from overall efficiency was used.
The VRS model is given as follows (2) where is a 1-by-N vector of ones and the other variables are as already defined in equation (1) above.
Mann-Whitney U Test:
Other analysis that are usually considered in efficiency studies of insurance companies are statistical tests of hypothesis in the following forms. Scale of operation of an insurance company positively correlates with its efficiency. To test this hypothesis, the insurance companies are classified by equity capital (Shareholder funds) and then the sample is divided into two subsets on this basis. Market share of an insurance company positively correlates with its efficiency. To test this hypothesis, the insurance companies are classified according to the estimated market share by gross premium and the sample is divided into two subsets on this basis.. These tests of hypothesis can be carried out using the Mann-Whitney U-test. The Mann-Whitney U test is a non-parametric test that is used in place of an unpaired t-test. It is used to test the null hypothesis that two samples come from the same population (i.e. have the same median) or, alternatively, whether observations in one sample tend to be larger than observations in the other. Although it is a non-parametric test it does assume that the two distributions are similar in shape. If the critical p-value read from the statistical table is greater than the calculated p-value, then there is a significant difference between the populations from which the samples were drawn. In other words, the two samples are not from the same population. So we reject the null hypothesis. We fail to reject the null hypothesis otherwise. We note here that for sufficiently large observations ( ), the normal approximation can be used with where, .
It is possible that two or more observations might be the same. If this is the case we can still calculate U by allocating half the tie to the X value and half the tie to the Y value. However, if this is the case then the normal approximation must be used with an adjustment to the standard deviation. This becomes:
Where g=Number of groups of ties =Number of tied ranks in group j. The Mann-Whitney u test is implemented in MATLAB using the RANKSUM(DataOfSample1,DataOfSample2 ); built-in function. P = RANKSUM(X,Y) performs a two-sided rank sum test of the hypothesis that two independent samples, in the vectors X and Y, come from distributions with equal medians, and returns the pvalue from the test. P is the probability of observing the given result, or one more extreme, by chance if the null hypothesis ("medians are equal") is true. Small values of P cast doubt on the validity of the null hypothesis. The two sets of data are assumed to come from continuous distributions that are identical except possibly for a location shift, but are otherwise arbitrary. X and Y can be different lengths. The twosided p-value is computed by doubling the most significant one-sided value. The Wilcoxon rank sum test is equivalent to the Mann-Whitney U test. function returns the result of the hypothesis test, performed at the 0.05 significance level, in H. H=0 indicates that the null hypothesis ("medians are equal") cannot be rejected at the 5% confidence level. H=1 indicates that the null hypothesis can be rejected at the 5% level.
RESULTS AND DISCUSSIONS:
In this section, the results of the study is presented. The overall, technical and scale efficiencies of the insurers under study are further considered. Also presented are the results of the tests of hypotheses concerning the effect of dimension and market shares of the Ghanaian general insurers on their efficiencies, using the Mann-Whitney U-test. Finally, attention is paid to the results of some sensitivity analysis of the model used in the evaluation of the efficiencies of the insurers under study.
For the purpose of confidentiality of information, anonymity of insurance companies is proposed and so the names of the companies are considered as company 1, company 2, ..., company 10.
Presented here are the technical efficiencies of the insurance companies in the period of study. The model of Hoanglian and Michael [15] was used to evaluate the efficiencies of the insurance companies during the study period. The Interior-point algorithm proposed in [14] to solve the linear programming problems that resulted from applying the model in [15] on the insurer data is adopted.
The MATLAB built-in function linprog is used in solving the linear problems obtained. In order to use the interior-point method of [14] it was appropriate to change the options in the linprog function call by turning on the LargeScale option. That is to set options=optimset('LargeScale','on'); Turning on the 'LargeScale' option makes MATLAB use the interiorpoint algorithm whilst turning it off makes MATLAB use the simplex algorithm.
Overall Efficiencies of Insurers:
Presented in this brief is the overall efficiencies of the general insurers during the period of the study as obtained using the model of [15] . The overall efficiencies of insurers are obtained when the constant-returns-to-scale assumption is made. That is, when it is assumed that the performance of an insurer continues to increase as long as the insurer continues to increase inputs.
The overall efficiencies of the insurers under study are shown in table 1 and graphically in figure 1 . We observe from table 1 and figure 1 that: 1. The minimum overall efficiency of the general insurers under study during the period of study was recorded by company 6 in the year 2005. This stood at 18%(0.184).
2.
Even though some insurers occasionally performed at 100% efficiency, there was a greater frequency of underperformance during the period of study. 3. The average overall efficiency of the insurers during the period of study stood at 68%. This indicates that there is the need for the Ghanaian general insurers to consider exploring ways of increasing their efficienies. This, they can do by studying their mode of operations at the times they performed at 100% and that of others. 
Technical Efficiencies of General Insurers
Presented here is the technical efficiency of the insurance companies under study as obtained using the model of [15] .
Technical efficiency is the component of overall efficiency that comes from management. The rationale for interpreting the technical efficiencies as management skills is based on the contrast between the constant-returns-to-scale and variable-returns-toscale models. The constant-returns-to-scale model identifies the overall inefficiency, whereas variablereturns-to-scale models differentiates between technical efficiency and scale efficiency [1] . It is computed using the variable-return-to-scale hypothesis. Under this hypothesis, it is assumed that firms do not necessarily increase their efficiencies by simply increasing inputs. The variable-return-to-scale hypothesis decomposes overall efficiency into efficiency and scale efficiency. That is, overall efficiency of a firm is a non-additive composition of scale and technical efficiencies. Thus, the scale efficiency of firms can be computed by dividing overall efficiency by technical efficiency.
The technical efficiencies of the Ghanaian general insurers as determined using the DEA model of [15] are shown in table 2 and graphically in figure 2. We observe from table 2 and figure 2 that:
1. The minimum technical efficiency of the general insurers under study during the period of study was recorded by company 9 in the year 2007. This stood at 41%(0.40768).
2.
The insurance companies exhibited higher technical efficiencies than they did for overall efficiencies. This indicates that management of the companies are doing well to some extent and that probably inefficiency could be coming from the scales of operations.
3. The average technical efficiency of the insurers during the period of study stood at 87%. This indicates that management of the insurers did quite well during the study and that there is room for the Ghanaian general insurers to increase their efficienies. This could be done by insurers studying their mode of operations at the times they performed at 100% and that of others.
Scale Efficiencies of General Insurers:
Scale efficiency of a firm can be computed by taking ratio of the firm's overall efficiency to its technical efficiency.
The scale efficiencies of the Ghanaian general insurers as determined using the DEA model of [15] are shown in table 3 and graphically in figure 3 .
It is observed from table 3 and figure 3 that:
1. The minimum scale efficiency of the general insurers under study during the period of study was recorded by company 1 in the year 2005. This stood at 34%(0.344).
2.
The insurance companies exhibited higher technical efficiencies than they did for scale efficiencies. This indicates that management of the companies are doing quite well and that inefficiency could probably be coming from the scales of operations.
3. The average scale technical efficiency of the insurers during the period of study stood at 78%. This indicates that the average Ghanaian general insurer operated at decreasing-returns-to-scale. figure 4 that all the insurers performed above average but that there is room for improvement of the overall, technical and scale efficiencies of the insurers since the average efficiencies for the period was observed to be less than 100% . It is observed from figure 4 that: 1. The technical efficiency scores are higher than the overall and scale efficiency scores. This goes to mean that Ghanaian general insurers are managed with relatively higher managerial skills 2. Company 10 outperforms the other companies.
Hence it is recommended that the other companies carefully studies the mode of operation of company 10 so as to help them improve on the performance of their companies. Sensitivity Analysis: After obtaining optimal solutions to linear programming problems, analysts will usually ask the following questions: 1. How confident can one be about the results? 2. Will a slight change in the basic data have a minor or major impact on the optimal solution? Trying to answer these kind of questions is what is known as sensitivity analysis. The formal question of sensitivity analysis is this: is the optimum solution sensitive to slight change in the basic data? If the results of the linear programming problem significantly changes when there is a slight change in any of the basic data we say the LP is sensitive and insensitive otherwise. The purpose of sensitivity analysis is that analysts would want to know which data significantly impacts on the results so that more efforts at getting the accurate data will be made or at least a range of possible outcomes could be obtained by running through several scenarios with various values of the said data. Sensitivity analysis of the DEA efficiency scores is performed by checking whether the efficiency of a DMU is significantly affected:
• If only one input or output is omitted from DEA analysis.
• By dropping one efficient DMU at a time from DEA analysis. This section considers the results of the sensitivity analysis. the period of study when each of the inputs and outputs are dropped one at a time. For the purpose of comparison in the table, the average efficiencies when none of the inputs and outputs is dropped is presented in column two (2) . Table 5 presents the average technical efficiencies of the insurance companies during the period of study when each of the inputs and outputs are dropped one at a time. For the purpose of comparison in the table, the average efficiencies when none of the inputs and outputs is dropped is presented in column two (2) . We observe from the table that: 1. Dropping the inputs "Debt Capital" and "Equity Capital" does not significantly change the efficiency rating of the insurers. 2. Dropping the input "Management Expenses" changes the efficiency rating of Insurers 2, 3, 4, 5, 6 and 8. 3.
Dropping the output "Premium Earned" significantly reduces the efficiency ratings of the insurers except for companies 3 and 10, which are only slightly reduced. 4. Dropping the output "Investment Income" does not significantly change the efficiency ratings of the insurers except for companies 2, and 7, which are slightly reduced In the sequel is the sensitivity analysis of the aggregate, technical and scale efficiencies when the most performing DMU is dropped from the sample.
It is observed from from table 6 that, dropping the most performing DMU from the sample does not change the aggregate efficiencies of the remaining insurers. This shows the robustness of the model used in computing the aggregate efficiencies of the insurers. Table 7 shows that, dropping the most performing DMU from the sample significantly increases the technical efficiencies of the remaining insurers. Further, more efficient insurers are obtained when the best performer is excluded in the sample. This implies that the best performer "Company 10" could be an outlier.
Efficiency by different types of insurers:
This section seeks to test some hypotheses related to the efficiency scores of the insurance companies obtained. The Mann-Whitney U test,which tests whether two samples are from the same population, is adopted. The Mann-Whitney U test is recommended for the non-parametric analysis of DEA results. It is used here because the efficiency scores do not fit within a standard normal distribution. The technical efficiency scores are used for the tests since they adequately discriminate between the units being analyzed .
The following hypotheses shall be tested:
Hypothesis 1
: Insurers with higher market shares are not more efficient than insurers with lower market shares.
: Insurers with higher market shares are more efficient than insurers with lower market shares.
Hypothesis 2 : Insurers with higher market shares are not more efficient than insurers with lower market shares.
: Insurers with higher market shares are more efficient than insurers with lower market shares. Effect of dimension on Insurer Efficiency: To test this hypothesis, the insurance companies are classified by equity capital(Shareholder funds) and then the sample is divided into two subsets on this basis. We divide the sample into two, with one sample consisting of those insurers that have shareholder funds greater than the median of shareholder funds and the other sample consisting of those insurers that have shareholder funds less than or equal to the median of shareholder funds. The efficiencies of the samples are then used to carry out the test.
The hypotheses are therefore : Large insurers are not more efficient than than small insurers : Large insurers are more efficient than than small insurers 
Effect of Market Share on Insurer Efficiency:
To test this hypothesis, the insurance companies are classified according to the estimated market share by gross premium. Premium earned is used.
The sample is divided into two, with one sample consisting of those insurers that have premiums greater than the median of premium of all insurers and the other sample consisting of those insurers that have premiums less than or equal to the median of premiums of all the insurers. The efficiencies of the samples are then used to carry out the test. The hypotheses are therefore : Insurers with higher market shares are not more efficient than insurers with lower market shares : Insurers with higher market shares are more efficient than insurers with lower market shares
The results of the tests of the hypotheses are shown in table 8. The conclusion column shows the result of the hypothesis tests performed at 5% significance level. Thus we state that: 1. Large insurance companies tend to have higher efficiency scores than small companies, which validates the first hypothesis. This result is in line with previous research on insurance companies' efficiency [3] . The present result is supported by the economies of scale observed in life insurance companies.
2. Insurance companies with higher market share tend to be more efficient than those with lower market share, which validates the second hypothesis, confirming that market share is a good proxy for the efficiency scores.
CONCLUSIONS:
This study sought to use a simple framework for the comparative evaluation of Ghanaian general insurance companies. Data Envelopment Analysis(DEA), that allows for the incorporation of multiple inputs and outputs, is used to evaluate relative efficiencies of some Ghanaian general insurers. Several interesting and useful managerial insights and implications arising from the study are discussed. The general conclusion is that a good number of Ghanaian general insurance companies operate with relatively high managerial skills.
A test of hypothesis showed that larger insurers tend to have higher efficiencies than smaller insurers. Also, it is observed that insurers with higher market share (Measured by premium earned) tend to have higher efficiency scores than insurers with lower market shares.
More research is needed for the validation or otherwise of the results of this study.
